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Abstract 
Total Factor Productivity (TFP) has been proved to be a valuable analytical tool 
in analyzing production efficiency. This study develops estimates of city-level TFP 
for Pearl River Delta (PRD) and Yangtze River Delta (YRD) in China using a panel 
data set for the time period of 1978-2004. TFP comparisons by cross sections and 
through time are made to find production efficiency difference and whether these 
regions are in a successive economic upgrading path in terms of TFP. Since PRD and 
YRD are the main regions that have absorbed more than half of the inward foreign 
direct investment (FDI) in China since the early 1990s，the impacts of FDI and other 
selected control variables on TFP improvement are tested under PRD and YRD 
context. The results show that inward FDI, R&D, and human capital endowment 
were the key factors enhancing TFP during the period of 1995-2004. Inward FDI and 
R&D had significant positive effect on TFP in both PRD and YRD, while human 
capital was found to benefit TFP only in YRD during the study period. Based on the 
evidence above, implications are suggested to policy makers for better production 









和其他控制變量對TFP的影響。研究結果顯示FDI ,研究與開發投入 (R&D)以及人力 
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1. Introduction 
During the past decade, the rapid economic growth of eight East Asian 
economies, dubbed the "East Asian Miracle" (World Bank, 1993), has attracted the 
attention of many economists. Krugman (1994), in his famous article "The myth of 
Asia's miracle", argued that the secret of rapid economic growth in the four 
newly-industrialized economies (NIEs), namely, Hong Kong, Korea, Singapore, and 
Taiwan, is input driven, which means that these countries' economic growth 
depended heavily on factor inputs but had nothing to do with the total factor 
productivity (TFP) or production efficiency improvement. Although some scholars 
pointed out that there may exist some problems under the notion and measurement of 
TFP (Felipe, 1997)，the focus has been on the study of the growth process in both 
developed and developing countries. The production efficiency problem has become 
a hotly debatable topic，especially among NIEs and other developing countries. TFP 
is treated as the dominant paradigm, as well as an efficient tool in measuring this 
efficiency and in explaining the source of economic growth. 
Since the 1980s, China has experienced a remarkable economic development 
and a high growth rate at an annual average of 9.7% from 1979 to 2005. After Deng 
Xiaoping's speech in early 1992, the economic growth rate has sustained an annual 
average of 10.2% until 2005. Given this formidable economic growth performance, 
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the question of China's sustainable growth continues to stimulate much discussion 
and vigorous debates among academics during recent years. Some scholars applied 
Krugman's (1994) framework to China and asked whether or not China will face the 
same problem of over-extensive capital and labor inputs but a lack in production 
efficiency. Until recently, inward foreign direct investment (FDI) has been 
considered as a critical factor among the many factors that contribute to sustainable 
economic growth. Inward FDI is widely believed to have a positive effect on 
economic growth, but the exact mechanism of how FDI impacts upon the 
development process is far from being well understood (Yao & Wei, 2006). As a 
package of capital, technology, and managerial skills, FDI serves not only as a 
capital injection to the domestic market, but also plays the central role for advanced 
technological spillover. FDI is believed to be embedded with new technologies and 
know-how not available in host countries and could accelerate the speed of the 
adoption of technology as well as improve production efficiency in such countries. 
The fascinating developments in China's globalization also provide us with a 
tempting opportunity to study the role of inward FDI in the country's economic 
growth. 
Since its accession to the World Trade Organization (WTO) in 2001, China has 
remained host to the largest share of foreign direct investment receipts. In addition, 
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China has also become one of the top FDI destinations among all developing 
countries. The Pearl River Delta (PRD) and Yangtze River Delta (YRD) are the two 
major regions that absorbed, on average, 63.8% of the total inward FDI during the 
period from 1979 to 2005. Hence, these two regions are obviously good candidates 
for the study of the impact of inward FDI on China's regional development. 
1.1 Background: PRD and YRD 
1.1.1 PRD, YRD and China 
Both PRD and YRD are coastal regions in China with the former located in 
southern China and the latter in eastern China (Figure 1). According to the official 
definition, the PRD economic region, which comprises 14 cities/counties in 
Guangdong Province, has an area of 41.5 thousand square kilometers'. Meanwhile, 
the YRD economic region, which comprises 16 cities, including 8 cities in Jiangsu 
Province, 7 cities in Zhejiang Province, and a metropolitan city, that is, Shanghai , 
has a total area of 109.7 thousand square kilometers in 2005. 
Tables 1 and 2 report some basic economic indicators including year-end 
registered population, real GDP, and real GDP per capita in Greater PRD (GPRD) 
‘ T h e 14 cities/counties of PRD are Guangzhou City, Shenzhen City, Zhuhai City, Foshan City, Jiangmen City, 
Dongguan City, Zhongshan City, Huizhou Urban District, Huiyang City, Huidong County, Boluo County, Zhaoqing 
Urban District, Gaoyao City, and Sihui City. 
2 The 16 cities of YRD are Shanghai City, Nanjing City, Suzhou City, Wuxi City, Changzhou City, Zhenjiang City, 
Nantong City, Yangzhou City, and Taizhou City in Zhejiang Province and Hangzhou City, Ningbo City, Jiaxing City, 
Huzhou City, Shaoxing City, Zhoushan City, and Taizhou City in Jiangsu Province. 
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Guangdong 
Pearl River Delta 
Figure 1 Locations of PRD and YRD in China ^ 
Source: http://www.ilgis.cuhk.edu.hk/business (Tuan, Ng, & Lin, 2006) 
Table 1 
Real GDP & Real GDP per Capita in China, Greater PRD and YRD 
(1978-2005 selected years; 1978 constant price) 
China Greater Greater % Greater YRD (二 100� /� ) 
Y ^ PRD YRD Jiangsu % Zhejiang % Shanghai % 
1979 3922.2 100 201.6 5.1 711.9 18.2 279.1 39.2 140.5 19.7 292.3 41.1 
^ 1992 12812.9 100 1125.9 8.8 2639.2 20.6 1190.2 45.1 656.7 24.9 792.3 30.0 
^ I 1997 21645.2 100 2369.8 10.9 5336.3 24.7 2407.6 45.1 1405.6 26.3 1523.1 28.5 
g ^ 2000 27360.9 100 3223.2 11.8 7204.4 26.3 3253.7 45.2 1891.9 26.3 2058.8 28.6 
2 I 2003 35836.0 100 4596.1 12.8 10094.9 28.2 4547.2 45.0 2704.5 26.8 2843.2 28.2 
^ I 2004 39565.0 100 5275.7 13.3 11560.8 29.2 5217.9 45.1 3096.1 26.8 3246.8 28.1 
o 2005 43902.8 100 6003.9 13.7 13072.5 29.8 5973.4 45.7 3491.9 26.7 3607.2 27.6 
(1 � _ r益 ^ ) 26435.0 100 3256.6 12.3 7231.4 27.4 3267.0 45.2 1912.5 26.4 2052.0 28.4 
m 3% m m 2627 ~ 
B 1992 1099 1703 2821 1732 1533 6175 
^ 1997 1788 3090 5545 3380 3187 11701 
^ ^ 2000 2193 3825 7328 4479 4133 15661 
^ § 2003 2793 5167 10104 6155 5697 21265 
Q O 2004 3056 5843 11483 7039 6472 24129 
2 2005 3349 6565 12883 8024 7199 26808 a 
^ (1977!2005) 1357 2233 4211 2545 2327 9197 
a n ^ ^ H I ^ H t M ^ ^ ^ ^ ^ H O a ^ ^ ^ M ^ ^ ^ ^ M 
Source: Statistical Yearbook of China, Guangdong, Jiangsu, Zhejiang and Shanghai, 2005 and 2006 
Notes: 
1. Greater PRD refers to Guangdong Province in this table 
2. Greater YRD includes Jiangsu, Zhejiang and Shanghai in this table 
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Table 2 
Year-end Registered Population in China, Greater PRD and Greater YRD 
(1978-2005) 
_ . Greater Greater � , Greater YRD (=100%) 
China % % % 
Y ^ PRD YRD Jiangsu % Zhejiang % Shanghai % 
1979 97542 100 5140.5 5.3 7930.0 8.1 5892.6 74.3 905.3 11.4 1132.1 14.3 
\ 1992 117171 100 6463.2 5.5 9354.7 8.0 6767.5 72.3 1297.8 13.9 1289.4 13.8 
in 
I 1997 123626 100 7013.7 5.7 9623.6 7.8 6948.4 72.2 1369.8 14.2 1305.5 13.6 
§ I 2000 126743 100 7498.5 5.9 9831.3 7.8 7069.3 71.9 1440.4 14.7 1321.6 13.4 
I I 2003 129227 100 7723.4 6.0 9991.4 7.7 7163.9 71.7 1485.7 14.9 1341.8 13.4 
§- I 2004 129988 100 7804.8 6.0 10067.7 7.7 7206.1 71.6 1509.3 15.0 1352.4 13.4 
I 2005 130756 100 7899.6 6.0 10147.3 7.8 7252.9 71.5 1534.2 15.1 1360.3 13.4 
o 
I 
一 Average 115148 100 6428.9 5.6 9123.8 7.9 6618.4 72.5 1241.9 13.6 1263.5 13.8 
(1978-2005) = _ = _ _ = 
Source: Statistical Yearbook of China, Guangdong, Jiangsu, Zhejiang and Shanghai, 2005 and 2006 
Notes: 
1. Greater PRD refers to Guangdong Province in this table 
2. Greater YRD includes Jiangsu, Zhejiang and Shanghai in this table 
and Greater YRD (GYRD)' in selected years during the period from 1978 to 2005. 
In 2005，PRD and YRD, which respectively accounts for only 0.4% and 1.1% of 
China's national area and 6.0% and 7.8% of China's population, produced nearly 
13.7% and 29.8% of the national GDP. According to the statistics, GPRD produced 
an average of 12.3% while GYRD produced 27.4% of the national GDP during the 
period from 1978 to 2005. Furthermore, the real GDP per capita for GYRD, GPRD, 
and China reached 4211 RMB (Yuan), 2233 RMB, 1357 RMB, respectively. In YRD, 
Jiangsu, Zhejiang, and Shanghai respectively shared an average of 72.5%, 13.6%, 
and 13.8% of the total population of YRD and produced an average of 42.5%, 26.4%, 
‘ D u e to the limitation and difficulties of compiling data at the city/county level, Guangdong was used to approximate 
the "Greater" PRD (GPRD) while Shanghai, Jiangsu, and Zhejiang were used to approximate the "Greater" YRD 
(GYRD). Regardless of the type of economic data, the approximation was nearly accurate because economic activities 
and performance were concentrated in both the PRD and YRD cities/counties of the GPRD and GYRD regions, 
respectively (Tuan & Ng，2007). 
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28.4%, respectively, of the regional GDP in YRD. However, the real GDP per capita 
of Shanghai, which reached 26,808 RMB in 2005, was much higher than that of 
Jiangsu, Zhejiang, or Guangdong (Table 1). 
From 1979，when China carried out its economic reform and open-up policy, 
PRD and YRD successively became the most dynamic regions in China. The 
economic growth rates of these regions reached an average of 13.8% and 11.9%, 
respectively, in the period from 1979 to 2005, which are much higher than the 
national average growth rate of 9.7% (Table 3，Figure 2). 
After the implementations of the preferential FDI policies in Guangdong 
Province in the 1980s, Shanghai, Jiangsu, and Zhejiang were further opened up 
stepwise to receive inward FDI in the 1990s. The reconfirmation of China's 
commitment to economic reform and its opening-up policy in early 1992 has 
Table 3 Real GDP Growth Rate in China, Greater PRD and YRD, 1979-2005 (%) 
(1978 constant price) 
Year China Greater PRD Greater YRD Year China Greater PRD Greater Y R ^ 
"1979 r e 8 l 19^ 13?7 ^ 18^ 
1980 7.8 16.6 8.6 1994 13.1 19.7 16.8 
1981 5.2 9.0 8.8 1995 9.3 15.6 15.4 
1982 9.3 12.0 9.1 1996 10.2 11.3 12.6 
1983 11.2 7.3 9.6 1997 9.1 11.2 12.0 
1984 15.2 15.6 15.4 1998 7.9 10.8 10.6 
1985 13.2 17.9 16.9 1999 7.6 10.1 10.2 
1986 8.5 12.8 8.6 2000 8.9 11.5 10.8 
1987 11.5 19.6 11.0 2001 8.1 10.5 10.4 
1988 11.3 15.8 14.3 2002 9.5 12.4 11.8 
1989 4.1 7.2 1.9 2003 10.6 14.8 13.5 
1990 5.1 11.6 4.3 2004 10.4 14.8 14.5 
1991 8.3 17.7 10.2 2005 11.0 13.8 13.1 
1992 13.8 22.1 20.5 Average (79-05) 9.7 13.8 11.9 
Source: Statistical Yearbooks of China, Guangdong, Jiangsu, Zhejiang and Shanghai, 2006 
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Figure 2 Real GDP Growth Rate in China, Greater PRD and YRD, 1979-2005 
(1978 constant price) 
25.0 : : I . , .~r— — ^ 
‘  ，.• ；. ••‘ •：：' ： 、’ .,.'•〈 , , , '•‘ .、:‘.. . ， . 
... , ：』 .••‘ • • 
0.0 1 1 1 1 L_J I 1 I I I I I J I 1 1 1 1 1 • ' I • ‘ I 
身、^^ ^^ ^^淨^^ \ 矛 、 / #〜少、���b 
Year 
Source : ca lcu la t ed from Tab le 3 
Stimulated a large volume of inward FDI which became more diversified by 
investment origins, including those from Korea, Europe, and the USA, in addition to 
the original dominant sources from Hong Kong and Taiwan. Figure 3 shows a 
comparison of the volume of inward FDI flowing to the different regions during the 
period from 1979 to 2003. Before 2002, GPRD was the largest recipient region in 
China. In 2002，GYRD overtook GPRD as the largest FDI recipient region both in 
terms of volume and growth rate. 
Table 4 shows the volume and share of realized FDI in GPRD and GYRD in 
selected years during the period from 1979 to 2005. For the period from 1983 to 
2005, GPRD and GYRD shared an average of 26.2% and 36.1%, respectively, of the 
total realized inward FDI in China. Jiangsu, Zhejiang, and Shanghai shared 51.7%, 
7 
Figure 3 Inward FDI in China, Greater P R D and Y R D (1979-2003) 
一 600 
I 500 
. 4 Q Q China 
I 300 ^ " ^ g p r d 
E / GYRD 
8 200 f 
5 100 
Q I • 丨 • 丨 • 丨 _ I _ I _ 1 _ I _ I _ L _ J _ I _ I 
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Source: Statistical Yearbooks of Guangdong, Jiangsu, Zhejiang and Shanghai, 2005 
Statistical Yearbook of China, 2006 
Note: 2004 is not included in this figure because FDI statistics in Guangdong and Jiangsu at the 
provincial level was adjusted and the figures after 2004 (including 2004) cannot be compared with 
those in former years 
Table 4 Realized FDI & Export in China, GPRD and GYRD (1978-2005) 
China 0/0 丨er% Greater Greater YRD (=100%) ~ 
Y e ^ ^ YRD Jiangsu % Zhejiang % Shanghai % 
1979 0.3 
f 1992 110.1 100 35.5 32.3 29.6 26.9 14.0 47.5 2.9 9.9 12.6 42.6 
« = 1997 452.6 100 117.1 25.9 121.0 26.7 57.9 47.9 15.0 12.4 48.1 39.7 
£ S 2000 407.2 100 122.4 30.1 112.0 27.5 64.2 57.4 16.1 14.4 31.6 28.2 
I 5 2003 535.1 100 155.8 29.1 271.0 50.7 158.0 58.3 54.5 20.1 58.5 21.6 
I I 2004 606.3 100 100.1 16.5 253.6 41.8 121.4 47.9 66.8 26.3 65.4 25.8 
^ 6 2005 603.3 100 123.6 20.5 277.6 46.0 131.8 47.5 77.2 27.8 68.5 24.7 
0 
C Average 269.9 100 70.6 26.2 86.7 36.1 44.8 51.7 16.0 18.4 25.9 30.0 
(1983^-2005) 
136.6 100 17.0 12.5 43.9 32.1 6.2 14.1 0.9 2.1 36.8 83.8 
f 1992 849.4 100 334.6 39.4 141.3 16.6 40.0 28.3 35.7 25.3 65.6 46.4 
1 1997 1827.9 100 745.6 40.8 389.2 21.3 140.9 36.2 101.1 26.0 147.2 37.8 
t: S 2000 2492.0 100 919.2 36.9 705.7 28.3 257.7 36.5 194.4 27.6 253.5 35.9 
I c 2003 4382.3 100 1528.5 34.9 1492.2 34.0 591.4 39.6 416.0 27.9 484.8 32.5 
“ I 2004 5933.2 100 1915.7 32.3 2191.6 36.9 875.0 39.9 581.5 26.5 735.2 33.5 
E 2005 7619.5 100 2381.7 31.3 2905.3 38.1 1229.8 42.3 768.0 26.4 907.4 31.2 
o 
S ^ n - v T o f n o 1521.2 100 524.2 34.5 446.5 29.4 168.4 37.7 116.6 26.1 161.6 36.2 (I97o-ZUUJ) 
Source: Statistical Yearbooks of Guangdong, Jiangsu, Zhejiang and Shanghai, 2005 and 2006 
Notes: 
1. Greater PRD refers to Guangdong Province in this table 
2. Greater YRD includes Jiangsu, Zhejiang and Shanghai in this table 
3. Due to the inconsistency of periods of data availability in different regions, average FDI is 
calculated for the period of 1983-2005. 
4. Calibration of FDI statistics in Guangdong and Jiangsu at the provincial level was adjusted and 
the figures after 2004 (including 2004) cannot be compared with those in former years 
8 
18.4%, and 30.0%, respectively, of the realized inward FDI in GYRD. At the same 
time it was bringing in large amounts of capital and advanced technology, inward 
FDI also helped in the sustainable formation of production clusters and the 
development of new industries that enabled GPRD and GYRD to uphold their 
leading roles in output production and export trade (Tuan & Ng，2007). As Table 4 
shows in terms of exports, GPRD and GYRD together accounted for an average of 
63.9% of the national export volume from 1978 to 2005, with the share reaching a 
record high of 69.4% in 2005. During recent years, the share in the national export of 
GPRD decreased from 40.8% in 1997 to 31.3% in 2005，while the share of GYRD 
increased from 21.3% in 1997 to 38.1% in 2005. 
1.1.2 Simple profile of PRD and YRD: a city-level observation 
The simple descriptive statistics of PRD and YRD at the city level are presented 
in Table 5. From Table 5, we can see that, on the average, the cities in YRD have a 
larger land area, a larger population, and a higher density of population than the cities 
in PRD during the observation period. The average population by city is 4.942 
million in YRD, which is much higher than the average population of 2.676 million 
in PRD. The average land area by city in YRD and PRD is 6.924 and 6.362 thousand 
square kilometers, respectively, and the average population density is 750 and 550 























































































































































































































































































































































































































































































































































































































































































































































































































































































































average, the YRD cities have a higher production output (3.29 vs. 1.38 million RMB), 
larger physical stock (3.27 vs. 1.71 million RMB), and higher labor employment 
(2.88 vs. 1.55 million persons). From school enrollment statistics, the figures show 
that YRD also has a higher proportion of students enrolled in higher education than 
that of PRD (0.009 vs. 0.007), but the proportion of student enrollment in secondary 
schools in YRD is lower (0.064 vs. 0.067). 
Table 5 also shows that cities in PRD received a larger FDI inflow and spent 
more on research and development (R&D) activities than the cities in YRD. On the 
average, the city-level inward FDI was US$1,011 billion in PRD during the period 
from 1991 to 2004 as compared to US$0,790 billion in YRD. The provincial R&D 
expenditure in PRD was 95069 million RMB (Yuan), representing an amount 1.62 
times more than the expenditure in YRD. Furthermore, R&D expenditure as a 
percentage of GDP was 0.748% in PRD as compared to 0.684% in YRD (Table 5). 
Table 6 provides the share of realized inward FDI by city during the period from 
1995 to 2004. In PRD, the largest FDI recipient city was Guangzhou, followed by 
Shenzhen and Dongguan. These three cities together took up nearly 65% of inward 
FDI in PRD. In YRD, Suzhou received 24.27% of inward FDI during the same 














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































account for a total of 45.04%. In Zhejiang Province, Ningbo ranked first taking up 
5.74% of the inward FDI. The shares of the other cities in Zhejiang Province were 
relatively small compared with the shares of cities in Jiangsu Province. Shanghai 
was the largest inward FDI recipient city, accounting for an annual average of 
32.04% in YRD during the period. 
Table 6 also shows some pattern changes of inward FDI by city during the 
study period. In PRD, Guangzhou had the largest share of 30.67% in 1995, but this 
percentage gradually decreased to 24.36% in 2004. More inward FDI began to flow 
to Shenzhen and Dongguan during this period, and in 2004 the share of inward FDI 
in these two cities were 23.85% and 21.70%, respectively. A similar thing happened 
in Shanghai, which always kept the first place according to FDI share in YRD 
during the period from 1995 to 2004. The share of inward FDI in Shanghai 
decreased from 35.93% in 1995 to 24.37% in 2004. However, some cities in YRD 
had a dramatic increase in their share of FDI. For example, the share of Wuxi and 
Nanjing increased by 1.28 and 2.15 times, respectively. 
1.2 Objectives of the study 
Since 1993, while a remarkable economic growth of the country was being 
recorded and a market-oriented framework was being provided nationwide, the two 
13 
delta regions, PRD and YRD, have continued to outperform all other regions in 
China in terms of growth (Tuan & Ng, 2007). These phenomena in PRD and YRD 
give rise to a number of interesting research questions. What role does inward FDI 
play in the process of regional development in these two regions? The TFP 
framework provides us an efficient tool to measure the production efficiency in 
these two regions over time and may provide us some evidence about the sources of 
economic growth and the stages of economic development in these PRD and YRD 
cities. 
FDI is believed to help improve regional production efficiency. Through FDI, 
multinational firms may raise productivity levels among locally-owned firms in the 
industries which they enter by improving the allocation of resources in those 
industries (Wei & Liu, 2001). When FDI occurs in industries with high entry barriers, 
monopolistic distortions and their associated inefficiencies are reduced. In addition, 
through either the multinationals' competitive force or demonstration effect, 
locally-owned firms operating in imperfect markets may be induced to achieve 
higher levels of technical or X-efficiency (Leibenstein, 1966). The presence of 
multinational subsidiaries in an industry may speed up the process or lower the cost 
of the transfer of technology. Moreover, the threat of competition may stimulate 
domestic firms to innovate. Imitation effects and the movement of personnel trained 
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by multinational subsidiaries also enhance the transfer of technology to local firms 
(de Mello, 1997). Hence, determining what effect inward FDI has on the production 
efficiency of PRD and YRD in China, as well as establishing the extent of such an 
effect, is an interesting topic for research. 
By focusing on the regional development in PRD and YRD at the city level, 
this study aims to: (1) measure production efficiency by TFP and make a comparison 
across cities and over time; (2) study the effect of inward FDI on TFP in PRD and 
YRD; (3) measure the contribution of other factors such as R&D and human capital 
in regional TFP; and (4) compare the difference between PRD and YRD in terms of 
factor contributions and study the reasons behind it. The research findings in this 
study could serve as a reference for scholars and policy makers in the study of the 
regional development in China. 
This paper is organized as follows. Section 2 provides a literature review on the 
measurement of total factor productivity and its relationship with foreign direct 
investment. Section 3 describes the methodology, hypotheses, and data used in this 
study. Section 4 presents the statistical results and Section 5 concludes and offers 
further reflection. 
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2. Literature Review 
2.1 Overview of TFP measurement 
Economists have long recognized that TFP is an important factor in the process 
of economic growth. Growth in the neoclassical framework stems from two sources, 
factor accumulation and productivity growth, where TFP is an attempt to measure 
production capability, taking into account all factors and notions that can be linked 
to the aggregate production function (Solow, 1957). 
Conceptually, TFP can be seen as an index of the efficiency with which all 
factors of production are used and this efficiency is often understood as 
technological progress in its broad meaning. Researches have conducted various 
methods to measure this index, among which the "Solow residual" and "production 
frontier" are the most common ones. The production frontier method was first 
carried out by Shepherd (1953) and Farrell (1957). It assumes that there exists an 
unobservable production function corresponding to the set of maximum attainable 
output levels for a given combination of inputs. Compared with the Solow residual 
framework, the production frontier method is more comprehensive and advanced 
because, theoretically, it can be used to decompose the origins of TFP change into 
technological progress and technical efficiency; with the former associated with 
changes in the best-practice production frontier and the latter with other productivity 
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changes (Felipe, 1997). However, due to constraints in the availability of data and 
rigidity of model assumptions, most empirical studies still use the "Solow residual" 
as the proper measurement of TFP. Growth accounting and econometric estimation, 
including both production function estimation and time index estimation, are two 
fundamental methods to measure TFP based on different forms of production 
function such as Cobb-Douglas production function, translog production function, 
and constant elasticity of substitution (CES) production function. Intuitively, the 
logarithmic index of TFP measures the shift of the production function, which can 
be measured as the constant term of its linearized function f o r m � M a n y factors such 
as technical innovation, organizational and institutional change, and shifts in societal 
attitudes may cause this shift. Based on the same idea, improvements and 
adjustments were performed using the Solow residual framework and according to 
the characteristics of data set available on different investigation levels. 
In recent years, we have witnessed a mushrooming of empirical papers 
attempting to explain East and South Asia's miracle by estimating TFP based on 
country-level data using either growth accounting or econometric estimation of 
production functions. The World Bank (1993)，Young (1994, 1995), Kim and Lau 
‘ T o make it simple, take the Cobb-Douglas production function as an example. In order to get the value of the 
constant term (index of TFP), we have to know the elasticity of two inputs: labor and capital, respectively. The 
growth accounting method treats income of labor and capital as proxies of labor and capital elasticity while the 
econometric estimation tries to estimate the input elasticity or TFP directly from certain production functions 
using time series, cross-section, or panel data regression approaches. 
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(1994)，Krugman (1994)，and Felipe (1997) have opened several intellectual 
stimulating debates by discussing how certain groups of countries grew so 
phenomenally for such a long time. The main stream of this debate holds the view 
that the growth in these countries was input-driven, and hence, the economic miracle 
in these countries will not be sustainable owing to the law of diminishing return. 
Although similar in its main results, the approaches employed by Young (1995) and 
Kim and Lau (1994) were different. Young (1995) used a detailed "growth 
accounting" approach to measure TFP and document the fundamental role played by 
factor accumulation in explaining the extraordinary post-war growth of Hong Kong, 
Singapore, South Korea, and Taiwan. The conclusion of his work was the 
demystification of Singapore as an example of an economy with dynamic gains, 
with the main source of growth being the static neoclassical nature and plain factor 
accumulation. In order to analyze the sources of economic growth of four East Asian 
NIEs (Hong Kong, Singapore, South Korea, and Taiwan) and the Group-of-Five 
industrialized countries (France, West Germany, Japan, the United Kingdom, and the 
United States) from the mid-1960s to 1990. Kim and Lau (1994) employed a pooled 
time series and cross section data set to implement a regression procedure called 
meta-production function framework. The results of their paper reaffirmed that 
technical progress was represented as purely capital-augmenting in all countries in 
18 
this period and that by far the most important source of economic growth of the East 
Asian NIEs was capital accumulation, accounting for 48% to 72% of their economic 
growth. Although this paper may have some flaws in data consistency because of its 
data collection and the relative price differences from country to country, the 
econometric estimation method used to measure TFP in this paper has some primary 
advantages compared to growth accounting, for it does not depend on the 
assumption of constant returns to scale, neutral technical progress, and profit 
maximization with competitive output and input market assumptions (Felipe, 1997). 
Based on industry-level data, most empirical studies use the same methods 
mentioned above to estimate TFP, while some may make modifications to the 
production function form according to the characteristic of the industry under study 
and the availability of data. For example, Zhi et al. (2003) applied the traditional 
method to estimate TFP growth in the Singapore's construction industry over the 
period from 1984 to 1998. The results showed that TFP growth was down by 1.53% 
per annum over the said period, indicating that the performance of TFP in the 
construction industry lagged behind the rest of the economy. Moreover, TFP growth 
was also found to fluctuate over time and tended to move in tandem with the 
construction business cycle in Singapore. Jin et al. (2002) extended the standard TFP 
measurement by including the effect of fluctuations of stock abundance to estimate 
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New England's ground fish industry and arrived at the conclusion that industrial TFP 
declined by 0.33% annually from 1983 to 1993 due to stringent output and effort 
control measures. 
Based on more detailed firm-level data, the methods used in estimating 
firm-level TFP has become more diversified. Some empirical studies use the same 
measurement framework as in the aggregate level. To name some of the most recent 
studies, Todo (2006) employed a method which assumed a Cobb-Douglas 
production function and incorporated R&D investment for productivity 
measurement based on Japanese firm-level data. Based on the traditional Solow 
residual framework and taking the knowledge spillover of R&D into consideration, 
the results of this paper showed positive effects of foreign firms' R&D stocks on the 
productivity of domestic firms, while the effects of capital stocks of foreign firms 
were absent. TFP played an important role in this analysis by suggesting whether or 
not an increase in the absorptive capacity of domestic firms raised the extent of 
spillover from FDI in R&D. 
On the other hand, some studies also based on firm-level data use the same 
notion but different methods to estimate firm-level TFP. The measurements of TFP 
in these studies have already gone out of the traditional framework mentioned above. 
For example, Keay (2000) used cost function and firm-level production function 
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techniques to calculate the TFP performance of 39 Canadian and 39 American 
manufacturing firms on an annual basis throughout most of the 20出 century. The 
result showed that, in contrast to the relative labor productivity evidence, there was 
virtually no evidence of consistent and substantial relative technical inefficiency on 
behalf of the Canadian manufacturers when TFP is used as the measuring stick. 
Miller et al. (1989) used profit-linked TFP measurement models to monitor the level 
of productivity within a firm. They presented a comparative analysis of two 
main-line firm-level productivity measurement procedures, namely, the American 
Productivity Center's total factor model and the Ethyl Corporation's model. These 
two models are approaches developed specifically to measure a firm's productivity 
by linking the productivity performance directly to the profitability of the firm. 
2.2 TFP in China 
Since the late 1980s, simultaneous with China's economic reform and rapid 
economic growth, the productivity problem behind the fast growth of output has also 
attracted scholars to study TFP and its growth rate in the Chinese context. Most of 
the early studies are at the industry level. For example, Shi et al. (1986) estimated 
that the growth rate of TFP of the aggregate industry sector in China was about 
1.82% for the period from 1964 to 1982. Chen et al. (1986) obtained a similar result 
that the TFP growth rate of Chinese industry enterprises was about 2.23% for the 
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period from 1976 to 1982. However, the methodology used in these early studies 
often had some flaws, which may have resulted in misleading estimations. These 
researchers often fixed a value to the output elasticity based on experience to 
calculate TFP, and in today's view, this estimation that may only be justified by a 
user's subjective judgment instead of sound economic theory, may cause serious 
error. 
Recent Chinese studies on this topic have already corrected this problem and 
made improvements by using more advanced econometric estimation methods. 
Based on time-series country-level data, Zhang et al. (2003) used the ordinary least 
square (OLS) method with time dummies in specific years to estimate the TFP 
growth of China during the period from 1952 to 1998 and concluded that the TFP in 
1978 had a small increase compared with the TFP in 1952, but that the TFP began to 
improve after the economic reforms. 
Based on provincial-level data, Arayama and Miyoshi (2004) used the 
time-series data of 30 provinces from the period from 1978 to 1998 as well as the 
translog production function to calculate the provincial TFP and study the regional 
diversity and sources of economic growth in China. The study concluded that if 
economic growth is distinguished into four patterns of major factors, namely, (1) 
capital stock and TFP; (2) capital alone; (3) capital, labor, human capital, and TFP; 
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and (4) capital and labor, then the growth patterns of provinces in the eastern regions 
of China are well described by the first and second pattern, while provinces in the 
central and western regions are well described by the third and fourth patterns. Shen 
and Zhao (2006) estimated the growth rate of TFP in Yangtze River Delta from 1978 
to 2003 using provincial data. In terms of TFP growth rate, capital-labor ratio, and 
output-labor ratio changes, the economic growth pattern in this region still relies too 
much on excessive labor and capital input. 
Based on industry-level data, Fang and Parker (2004) used a panel of 
observations in 30 provinces from 1995 to 1999 to estimate the output elasticity of 
labor and capital based on the Cobb-Douglas production function approach. They 
also calculated the TFP levels of the Chinese electronics industry in the 1990s. Their 
results confirmed that while performance under all ownership forms had improved 
during the 1990s, productivity in state-owned enterprises continued to lag behind 
productivity in collectives and joint ventures, including wholly foreign-owned firms. 
Tuan and Ng (2000) used both the Cobb-Douglas production function and the 
translog production function to study the TFP of Hong Kong manufacturing 
industries involving heavy outward processing (HOP) from 1978 to 1992. Based on 
the estimated TFP in relevant years, their findings suggested that outward FDI 
limited TFP and productivity growth at the aggregate level and at the HOP industry 
23 
level, while TFP increased via scale expansion. 
However, regional TFP studies at the city and county-level in China are quite 
limited and almost all of the existing regional studies are based on provincial-level 
data (e.g., Arayama et al., 2004; Shen & Zhao, 2006). These studies often face the 
problem of lack of observations given the very limited number of provinces in one 
region and the short period of time available. Using city-level data to expand 
cross-section observations and pooling time series and cross-section data to increase 
the total number of observations may be an effective way to solve this problem. 
To summarize, China is experiencing a remarkable economic reform with the 
aim of improving its economic performance and maintaining a sustainable growth 
rate. The success (or failure) of these reforms depends on the source of growth, and 
that is why more attention should be paid to production efficiency. As a result, 
studies on both the dynamic and static trends of efficiency performance become 
quite important (Wu, 1996). Although the definition of efficiency and the method of 
measuring it is controversial, the framework of TFP based on the econometric 
estimation of production function is definitely an effective tool that will be quite 
helpful in exploring this problem. 
Meanwhile, a further exploration of the determinants of TFP is even more 
meaningful and inspiring than merely understanding its level and change over time. 
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Many factors contribute to the production efficiency such as size, location, 
technology, features of labor and capital markets, and entrepreneurial background 
(Wu, 1996) or R&D intensity (Murakami, 2007), foreign direct investment, exports 
and imports, and licensing (Yasar & Paul，2007). Miller (2000) studied the effects of 
openness, trade orientation, and HC on TFP in a pool of developed and developing 
countries and showed that a high degree of openness benefits TFP. Besides, 
outward-oriented countries experience higher TFP and HC which generally and 
positively contribute to TFP, while in poor countries, HC interacts with openness to 
achieve positive effects. 
However, research on the determinants of TFP in the context of China is 
limited and most studies remain on the conceptual stage without performing 
elaborate and comprehensive analysis. In the existing literature, Yao (2006) provided 
a framework that included two groups of variables that may affect TFP. In Yao's 
framework, TFP may be influenced by both the internal and external environments. 
FDI, exports, and exchange rate policy form the external environment, while HC, 
infrastructure, location, institution, population pressure, and saving behavior form 
the internal environment. 
2.3 China 's inward FDI and its importance 
China can trace back its history of opening the economy to FDI to the 1950s. 
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However, because of historical, ideological, and practical reasons, the amount of 
FDI during the first 30 years (1949-1978) was extremely small. The new era of 
absorbing FDI began in 1979 when the Chinese-Foreign Joint Venture Law was 
promulgated. In this era, inward FDI underwent four phases of development: the 
experimental period (1979-1983); the gradual development period (1984-1991); the 
peak period (1992-1993); and the adjustment period (1994-present) (Wei & Liu， 
2001). After 1991，with the rapid expansion of multinational corporations, the 
impact of inward FDI on China's economy has been of great interest to both 
academics and governments. The objective of attracting FDI, as mentioned in 
various Chinese documents, is to develop a diversified industrial base, introduce and 
transfer new technology, stimulate economic growth, upgrade managerial and labor 
skills, and increase exports especially that of manufactured goods. Among all these, 
the potential positive technology spillover effects are indeed the main rationale 
behind the Chinese government's aggressive efforts over the past years to attract 
FDI to China (Kamath, 1990). 
Recent empirical studies on the importance of FDI to China's economy at the 
aggregate level can be roughly divided into four streams. One stream studies the 
impact of inward FDI on China's economic growth based on international trade 
theory, endogenous growth theory, and industrial organization theory. Most of these 
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studies hold the view that FDI positively affects China's growth through capital 
accumulation, job creation, diffusion of ideas and knowledge, transfer of new 
technology, and upgrading of industrial structure and managerial skills (e.g., Graham 
& Wada，2001; OECD, 2004). Shan et al. (1999) used the methodology of the 
Granger no-causality test to examine the causality link between FDI growth and 
economic growth in China. The result of this study showed that not only was the 
exceptional economic performance of China during the 1990s propelled by a strong 
FDI inflow, but also that the inflow of FDI and rapid industrial growth in China 
reinforced each other. Yao (2006) marked both FDI and exports as the two main 
aspects that affected China's economic performance. This study used Pedroni's 
panel unit root test and Arellano and Bond's dynamic panel data estimating 
techniques based on a data set encompassing 28 Chinese provinces over the period 
from 1978 to 2000. The results showed that exports and FDI had a strong and 
positive effect on economic growth. Based on the previous study, Yao and Wei (2007) 
used a similar methodology but an updated database of 29 provinces and 
municipalities for the period from 1979 to 2003 and found that FDI not only helped 
reduce the gap between the actual level of production and a steady state production 
frontier but also shifted the host country's production frontier. Ng and Tuan (2006) 
used a micro-level data consisting of 55,348 local Chinese and foreign 
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manufacturing firms investing in the Guangdong Province of China and concluded 
that other than institutional forces, spatial agglomeration and their synergies as well 
as gravity have directed the patterns of inward FDI and further induced regional 
economic growth. 
Another stream of studies took more interest in FDI's trade effect because 
foreign-invested enterprises (FIEs) have accounted for over 50% of China's exports 
and 60% of China's imports in recent years (Whalley & Xin，2006), a time when 
FDI in China seems to be export-oriented. Not only does FDI play an important role 
in China's trade growth, it also helps to enhance China's comparative advantage in 
the process of globalization, increase participation in the international segmentation 
of production and specialization, and has a major impact on China's balance of 
payment. Wu (1999) conducted further investigations based on the evidence from 
the impact of FDI on China's provincial trade and bilateral trade. His analysis 
revealed that FDI has a positive impact on trade. This positive relationship suggests 
that FDI and trade in China are primarily complementary rather than substitutes in 
bringing the differences in factor endowments between China and its foreign 
investors and trade partners. Wei and Liu (2001) also concluded that FDI and trade 
in China are directly connected, and more specifically, that a complementary 
relationship exists between FDI and trade based on a highly-aggregate data set of 
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China. 
The third stream of studies deals with a recent hotly debated topic on whether 
or not the spillover effects of FDI can be found in China. The most direct method is 
to estimate spillover effects of FDI on innovation. Although FDI can benefit 
innovation activity in the host country via various spillover channels such as reverse 
engineering, skilled labor turnover, demonstration effects, and supplier-customer 
relationship, Cheung and Lin (2004) chose provincial patent applications data from 
the period from 1995 to 2000 in China as a measure of innovation and found 
positive effects of FDI on the number of domestic patent applications. In their study, 
the spillover effect was the strongest for minor innovation such as external design 
patent and highlighting a "demonstration effect" of FDI. The finding was robust 
under both pooled time-series and cross-section data estimation and panel data 
analysis. Xian and Bo (2006) studied the effects of inward FDI on the innovation 
capacity of China's large and middle-sized domestic companies. The results showed 
that the improvement of foreign-owned companies' innovation capacity would baffle 
the domestic companies' innovation capacity, while the improvement of domestic 
companies' innovation capacity would stimulate further innovation among the 
foreign companies. 
The fourth stream of existing empirical studies focuses on the relationship 
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between FDI and productivity. Both direct and indirect (spillover) effects of inward 
FDI can be found on productivity enhancement. As noted by Balasubranyam, Salisu, 
and Sapsford (1996), it is the ability of FDI to transfer not only production 
knowledge but also managerial skills that distinguishes it from all other forms of 
investment, including portfolio investment and foreign aid. Early research in this 
stream can be found in Cave (1974). In this paper, Cave tested for certain benefits of 
FDI, especially on the productivity of manufacturing sectors in two leading host 
countries: Canada and Australia. Egger and Peaffermayr (2001) provided a flexible 
CES-framework to do analysis under this topic. Following this stream, some studies 
were made to examine whether FDI's contribution to productivity in China is 
significantly positive. Most of these studies focus on whether or not the inflows of 
foreign capital in the form of direct investment raise the marginal product of labor or 
labor productivity. Liu et al. (2001) estimated the overall impact of FDI on labor 
productivity on China's electronics industry using 41 subsector-level data for 1996 
and 1997，which had different levels of FDI. In Liu's study, labor productivity was 
modeled as dependent on the degree of foreign presence in industry and other 
variables, namely, capital intensity, human capital, and firm size for scale factors. 
The result indicated that with other control variables showing the expected positive 
sign, FDI had a positive impact on labor productivity. 
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2.4 The relationship between FDI and TFP 
Although many research works choose labor productivity as a useful index to 
evaluate the efficiency of production and study its relationship with inward FDI, 
labor productivity is a partial productivity measurement in which only one factor, 
namely, labor, is considered. Given that labor productivity fails to capture all of the 
influences on productivity (Liu, 2003), it is difficult to distinguish between labor 
productivity being high because of a high degree of technological efficiency or labor 
productivity being high because of a large stock of physical capital. On the other 
hand, TFP constitutes a measure of the efficiency improvement with which all the 
factors of production are taken into consideration and consequently overcomes this 
problem. Theoretically, FDI is not only a source of capital, but is also an important 
conduit for technological transfer and labor skills augmentation; hence we expect to 
find a positive impact of inward FDI on TFP. 
However, given different regional or industrial contexts, existing studies show 
mixed results on the relationship between FDI and TFP. Some empirical studies 
support the thesis that attracting FDI is an effective way of introducing advanced 
technology to host countries. For example, Haskel et al. (2002) estimated that a 
10-percentage point increase in foreign presence in a U.K. industry raises the TFP of 
that industry's domestic plants by about 0.5 percent. Some study found that the 
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technology transfer provided by multinational national enterprises contributed to the 
TFP growth in developed countries but not in less developed countries, which means 
that a country needs to reach a minimum human capital threshold level in order to 
get benefits from FDI (Xu, 2000). On the other hand, other studies found that there 
is an inverse relationship between FDI and industrial productivity in the host 
countries (Haddad & Harrison, 1993; Aitken & Harrison，1999). Aitken and 
Harrison (1999) showed in their research that the earlier findings supporting the 
positive effect are likely to be driven by the endogeneity of FDI, which means FDI 
may choose to go to better performing industries. Once these factors are taken into 
consideration, there is no evidence for positive spillover. Based on time-series data 
during the period from 1970 to 1990，de Mello (1999) found that there was a 
positive long-run relationship between FDI and TFP growth in Venezuela and a 
negative one in Italy. Based on two panels of OECD and non-OECD countries, de 
Mello (1999) also found that FDI appeared to have a positive impact on 
technological change in the OECD panel, while there seemed to be a negative 
relationship in the non-OECD panel. He inferred from this result that for 
technological followers and given the complementary effect, FDI reduced TFP 
growth by fostering producer capital accumulation, although the converse 
relationship could not be inferred in the case of technological leaders. 
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The mixed results of the relationship between inward FDI and TFP can also be 
found in some Chinese studies. Dees (1998) employed a CES-production function 
framework and assumed that TFP is a function of the stock of FDI, the exogenous 
element proxied by a linear time trend and the indicator of openness proxied by 
imports over GDP. His empirical evidence showed that the impact of FDI stock was 
significantly positive in China only for the 1990s, and technological transfers were 
mainly satisfied through the imports of machinery in the 1980s. Liu and Wang (2003) 
found a positive impact of FDI on TFP for a cross-sectional sample of the Chinese 
industrial sectors based on "The Data of the Third National Industrial Census of the 
People's Republic of China" conducted in 1995 and published in 1997. Ng and Tuan 
(2005) investigated the industry technology performance of 14,022 joint ventures in 
Guangdong Province in China and concluded that FDI by the type of foreign 
ownership affected TFP progress and growth, that is, foreign-owned joint ventures 
had attained higher TFP than the overseas Chinese-owned and cooperative-owned 
joint ventures, while capital intensity and its nested effect with market share were 
also important in enhancing production efficiency. 
Meanwhile, Hu et al. (2002) analyzed the impact of FDI on China's electronic 
and textile industries by regressing FDI-augmented production function. They also 
captured the spillover effect of FDI on firm-level TFP. The result showed negative 
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and statistically significant effects of industrial FDI on domestic firms in the 
electronics industry but not for the textile industry. The paper also concluded that in 
the short run, inward FDI enhances the productivity of FDI receiving firms, but 
depresses that of non-FDI domestic firms. This result is consistent with the 
"market-stealing" explanation offered by Aitken and Harrison (1999). 
The division under this topic is due in part to the way the question is phrased, 
in part to the differences in methodology, and mostly to the fact that different 
samples appear to be telling different stories. Nonetheless, based on these studies, 
we clearly see that the proposition that FDI can be deemed a catalyst for 
technological progress seems to be more controversial in practice than in theory. 
The empirical study to investigate the relationship between FDI and TFP is 
important because according to endogenous growth models, even though regional 
economic growth is positively dependent on inward FDI, increases in the stock of 
foreign-owned capital may only lead to temporary increases in the output growth if 
diminishing returns prevail at the aggregate level. However, FDI-led economic 
development is permanent under constant returns when the long-run growth can be 
shown depending on the degree of complementarily between capital stocks 
embodying domestic and foreign technologies and the volume of FDI as a share of 
GDP (de Mello, 1999). If the major role of inward FDI is found as an important 
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catalyst for technological progress, then FDI-led sustainable growth can be expected 
in the long run. Existing studies on the relationship between FDI and TFP in China 
are quite limited ^  and there are limited regional studies to the best of our knowledge. 
Regional comparative studies in China about the production efficiency problem 
behind the economic prosperity and with special interest on the impact of inward 
FDI can shed light on our understanding of China's current development. Hence, 
further investigation in China under this topic will be both meaningful and inspiring. 
3. Methodology 
5.1 Research hypotheses 
Bearing the above perspectives in mind, TFP is one of the most convenient 
indicators to evaluate China's productivity performance. It is important to study 
China's productivity and change in terms of TFP during the period of reform and to 
understand the sources of production efficiency. Other than the first hypothesis 
regarding TFP measurement and estimation, four other research hypotheses could be 
postulated to examine the factors that may have significant impact on the regional 
TFP enhancement. All these five hypotheses can be tested with special reference to 
both PRD and YRD in China. 
‘ I t is quite possible that the limitation of literature under this topic in China is because of the difficulty of 
obtaining capital stock data, which cannot be neglected in TFP measurement and long time-series FDI data. 
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Hypothesis 1. TFP is hypothesized to increase during the period from 1978 to 2004， 
which shows that production efficiency would be improved with the economic 
opening up over time. 
Hypothesis 2. TFP correlates positively with some key variables including inward 
FDI, R&D, and human capital (HC) endowment. 
Hypothesis 3. Inward foreign direct investment plays a key role in enhancing 
regional production efficiency as measured by TFP. 
Hypothesis 4. Research and development activities have a significant impact on 
production efficiency enhancement as measured by TFP. 
Hypothesis 5. Human capital, which refers to the stock of productive skills and 
technical knowledge embodied in labor, is important and has a positive impact on 
TFP. Three types of human capital would be studied, higher or tertiary education, 
secondary education, and secondary and higher education. 
3.2 Model 
Following the traditional Solow residual framework, a Cobb-Douglas Function^ 
(Solow, 1957) is specified as: 
Y“=A"K“aL“\ (1) 
‘ O t h e r production functions such as translog production and CES were also estimated in this study; however, 
the Cobb-Douglas production function provided the most convenient estimation and best statistical results based 
on PRD and YRD data set. To save space, the researcher focused on this form. 
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where Y", Ku, and Lu are the production output, capital input!，^^^ labor input of city 
i at time t, respectively; a and (3 are the capital and labor elasticity, respectively, 
where 0 < a <1 and 0</?<1; s“ is the stochastic shocks to production of cross 
section i at time t\ and Au measures TFPu, which can be used to pick up the changes 
of production efficiency of i cross sections over time t. We allow for the possibility 
of non-constant return to scales by not restricting {a-{-P) to equal one. Thus, the 
production displays increasing, constant or decreasing return to scales as ( a + ) is 
greater, equal to, or less than one, respectively. 
Rewriting Equation (1) in natural logarithms form yields the linear form of this 
production function as: 
In = In A" +a\n K., + J3 In L" + In ~ (2) 
We use this linear form as our estimation equation. The major econometric 
methods used to estimate Equation (2) are pooled OLS and two-way fixed effects 
panel estimation methods. The OLS estimation that pools together all the time series 
and cross-section data provides us the baseline estimation results. In two-way fixed 
effects panel data estimation, we define city-specific effects as csi and time-specific 
‘ I n previous studies, there were different views about whether or not human capital should be included in the 
production function. Some studies suggested that including human capital in the production function was 
significant (Mankiw et al., 1992), while others report that human capital was insignificant in explaining output 
and propose that human capital did not enter the production function directly as an input, but that there may exist 
direct links between human capital and the residual term TFP (Islam, 1995; Benhabib & Spiegal，1994; Liu, 
2003). In this study, the latter approach is adopted in which physical capital and labor are considered as the main 
inputs of production. 
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effects as tSt where i and t are section and time number, respectively, to capture the 
fixed effects over cities and time series. These two variables together with the 
constant term c form the logarithmic index of TFP as in Equation (3): 
In Y., ={€•{• +/5,) + « ln K" + filn L" + ,,, (3) 
The fixed-effect estimation is chosen from panel estimation methods since the 
random-effects estimation requires that the omitted variables are uncorrelated with 
the included right-hand-side variables, which is an unrealistic assumption in the 
context of our model. Besides, the fixed-effect estimator can reduce bias due to 
omitted variables, particularly when group dummies are incorporated in the 
regression (Matyas & Sevestre，1996). 
Using the estimated elasticities of capital and labor and by rewriting Equation 
(2), we can construct a city-level logarithmic index of TFP measurement in t years 
as: 
TFPu = \n\ =\rvY,-a\n K“ - � I n Z" (4) 
Following the review of previous literature in the last section, Equation (5) 
summarizes the effects of FDI on TFP together with other possible explanatory 
variables such that: 
TFP, = fXFDI"，R & A,, HC“ )s (5) 
where FDI, R&D, and HC are assumed to be major important sources to affect 
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technological growth and i and t denote the cross-section number and time point, 
respectively. 
Semi-log form and log-linear form of Equation (5) are specified respectively 
as: 
In TFP" + a^FDI., + a^R & D*丨 + a,HC, + S, (6) 
In TFP, In FDI, + 办3 In & D" + b, In HC, + g, (7) 
where aj and b] are the parameters of the intercept term; d“ and g“ are 
disturbance terms which vary across section and time; and ~ N(0, S ) , 
g" ~ N(0,S), where Sis a positive definite matrix. 
We expect significant positive signs of a:, 03, a^, b2, bs, and b4, which can be 
expressed as = ^ > 0 ， “ 严 F P , 綱 , 0 , 
d\nTFP"/ ^ ^ _d\nTFP,/ dWTFP,丨/ 
“4— /dHC">”，〜- / a i n r o/"〉。，、一 / a i n及& D " > u ’ 
and = 她 TFPy^h 斤 � > 0，respectively. 
Furthermore, with the panel of logarithmic TFP index, Pearson correlation 
A 
analysis is also conducted at the city level to find the relationship between TFP 
and the relevant variables including inward FDI, R&D, and HC using the following 
equation: 
Px,Y = = (8) 
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where p^ y is the Pearson correlation index (0 < yO；^, < 1); ^ is the expected value; 
cov means covariance. and (j^ represent the expected value and standard 
deviation of variable X，respectively, and fjLy and represent that of variable 7, 
respectively. 
3.3 Data and measurement 
3.3.1 Data and data sources 
The panel data used for estimation in this study cover 23 cities including eight 
cities in PRD and 15 cities in YRD over the period from 1978 to 2004'. The 
distinction between PRD and YRD cities is important because the impacts of FDI 
and other variables may not show a homogeneity effect in these two regions, which 
will be discussed in detail in the following section. The data are mainly compiled 
from the relevant cities' statistical yearbooks with volumes from 1979 to 2005, 
Statistical Data and Materials on 55 Years of New China, Statistical Data and 
Materials on 50 Years of Zhejiang, and Science and Technology Statistical Year 
Books of China with volumes from 1996 to 2005. Some variables including R&D 
and FDI do not have observations before the early 1990s; therefore, a shorter time 
period is accepted for these variables in order to make the most of the available 
I The 23 cities include eight PRD cities: Guangzhou, Shenzhen, Zhuhai, Huizhou, Dongguan, Zhongshan, 
Jiangmen, and Zhaoqing and 15 YRD cities: Shanghai, Hangzhou, Ningbo, Jiaxing, Huzhou, Shaoxing, 
Zhoushan, Taizhou, Nanjing, Wuxi, Suzhou, Nantong, Yangzhou, Zhenjiang, and Changzhou. Foshan in PRD 
and Taizhou in YRD are not included in the sample due to the unavailability of data. 
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city-level data. 
The panel data set used in this study, which combines the cross-section and 
time series data, allow us to go beyond the simple time series estimation of a limited 
period of years or cross-section analysis so as to increase the degree of freedom. The 
use of panel data provides more informative data, more variability, less collinearity 
among variables, more degrees of freedom, and higher efficiency. Hence, the 
reliability of the estimates of the regression parameters based on a panel data set can 
be greatly increased. 
3.3.2 Measurement of variables 
(1) Production output (Y) 
The value of production output (Y) is measured by the real gross domestic 
product (GDP) in the unit of ten thousand RMB (Yuan). The GDP at the city level 
are all converted to the 1978 constant price using nominal GDP and GDP deflator of 
the relevant years. 
(2) Capital stock (K) 
There are no published data of physical capital stock at the city level in China, 
and only yearly statistics on annual total investment in fixed assets is available. 
Therefore, the perpetual inventory method (PIM) is used to estimate city-level 
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capital stock for the years 1978-2004^ The PIM is defined as: 
+ (9) 
where K denotes capital stock; I denotes investment; S denotes rate of depreciation; 
and i and t denote city and time, respectively. The provincial price indices of fixed 
assets investment and depreciation rate of 9.6% as constructed by Zhang (2004) are 
used for the computation. All investment figures are converted to the 1978 constant 
price using price indices of investment in fixed assets by region. 
The amount of physical capital stock of the first year in 1978 is approached 
using I J a as a benchmark, where a is obtained by comparing the provincial 
investment in fixed assets in 1978 and the estimated physical capital stock in 1978^. 
With the benchmark of capital stock in 1978，depreciation rate and fixed assets 
investment figures, a panel of city-level physical capital stock in the eight PRD 
cities and 15 YRD cities for the period from 1978 to 2004 is constructed in the unit 
of ten thousand RMB. 
(3) Labor input (L) 
Labor input (L) is measured by the number of people employed in each city. As 
reported in the statistical yearbooks, this measure does not adjust for labor hours or 
quality of employment. 
‘ A r a y a m a and Miyoshi (2004) and Zhang et al. (2004) are the main references in this capital stock estimation. 
2 The estimated physical capital stock of Guangdong, Jiangsu, Zhejiang, and Shanghai in 1978 is obtained from 
Zhang (2004). 
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(4) Foreign direct investment (FDI) 
According to the Chinese official definition, FDI refers to the investment made 
in China by foreign enterprises and economic organizations or individuals (including 
overseas Chinese, compatriots from Hong Kong, Macao and Taiwan, and Chinese 
enterprises registered abroad), following the relevant polices and laws of China, for 
the establishment of ventures exclusively with foreign-owned investments, 
Sino-foreign joint ventures, and cooperative enterprises or for cooperative 
exploration of resources with enterprises and economic organizations in China. In 
this study, FDI is measured by the total amount of realized inward foreign direct 
investment received by cities in the unit of 100 million US dollars. It is a sub-item of 
foreign capital actually utilized in statistical materials and is different from the 
foreign direct investment in contract of relevant years since foreign direct 
investment in contract often needs a period of time in order for it to be realized in 
the production procedure. 
(5) Research and development (R&D) 
R&D is measured at the provincial level because R&D expenditure at the city 
level is difficult to obtain since most cities do not report this expenditure item in 
their statistical yearbooks. We obtain a period of provincial data from 1995 to 2004. 
Two measurements are used, including the total amount of R&D (RD) in the unit of 
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100 million RMB and R&D as a percentage of GDP (rdp). 
(6) Human capital (HC) 
Three indices of measurement are used as proxies of HC level at the city level. 
The first index (hpl) can be expressed as Hl/P, where HI is the number of students 
enrolled in higher education and P is the total population of a city. This index can be 
understood as the number of students enrolled in higher education as a proportion of 
population by city. The second index (hp2) is measured as H2/P, where H2 is the 
number of students enrolled in secondary schools. H2 includes both students in 
regular secondary schools and specialized secondary schools. The third index (hp 12) 
is defined as (Hl+H2)/P, which measures the proportion of total student enrollment 
in both secondary schools and higher education to the total population. The first 
index demonstrates the type of HC with a relatively higher (tertiary) education level 
or quality, the second index stands for the type of HC with a basic (secondary) 
education level or quality, and the third index represents the type of HC with a 
quality of basic (secondary) education level and above. 
4. Statistical Results 
4.1 Estimation of total factor productivity: regression results from OLS and panel 
estimation. 
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4.1.1 Cobb-Douglas production function: panel estimation 
The estimation results of the Cobb-Douglas production function using Equation 
(2) in Section 3 for both PRD and YRD from OLS and panel data estimation with 
fixed effects are presented in Table 7. As can be seen from the OLS estimation 
results, all the estimated coefficients are highly statistically significant at 1% level 
with satisfactory goodness-of-fit (adj-R^>0.90) and have the correct positive signs, 
that is, a > 0 and fi>0. The panel data estimation with fixed effects provides 
consistent statistical results with significant coefficients at the 1% confidence level 
and the expected positive signs. The statistically significant F-Stat at the 1% 
confidence level for both PRD and YRD panel estimations show that two-way fixed 
effects are present. The two-way fixed effects estimation provides a larger adjusted 
r2 (0.9871 for PRD and 0.9846 for YRD), which means a better goodness-of-fit 
than the OLS estimation. It can be concluded from the statistical results that the 
two-way fixed effects panel estimation explains a higher percentage of variation 
than OLS due to the inclusion of cross section and time effects. The parameter 
estimates of cross-section fixed effects for each section and time-series effects for 
each time period are also presented in Table 7. The estimation results show that most 
parameters of time specific and section specific dummies are statistically significant 
at the 1% level and this result again confirms the existence of two-way fixed effects. 
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Table 7 
Estimation of Cobb-Douglas Production Function in PRD & YRD (1978-2004): 
Results from OLS and Panel Estimation 
Dependent Variable: InY 
Pearl River Delta Yangtze River Delta 
2 t § Panel O l ^ Panel 
Coef. Coef. Coef. Coef. 
Fixed effects 
TS(T) — Yes — Yes 
CS(N) — Yes — Yes 
0.757*** 0.410*** 0.847*** 0.265*** 
InK (0.018) (0.049) (0.020) (0.050) 
0.297*** 0.558*** 0.323*** 0.981*** 
InL (0.037) (0.045) (0.050) (0.170) 
1.805*** 5.747*** 0.260 5.901*** 
_cons (0.162) (0.612) (0.262) (1.300) 
Length (TS，CS) ( 2 6 , 7 ) ( 2 6 , 7 ) ( 2 6 , 1 4 ) ( 2 6 , 1 4 ) 
Adjusted R^ 0.9620 0.9871 0.9069 0.9846 
F" F(2,198)=2535.84*** F=12.69*** F(2,318)=1558.77*** F=41.28*** 
D.F. 198 165 318 278 
N ^ m ^ 321 
Cross-section & Time Series Effects in PRD: Results from Panel Estimation 
Pearl River Delta 
Cross-Section Effects 
No. City Parameter S.E. No. City Parameter S.E. 
CS1 Guangzhou 0.274*** (0.104) CSS Dongguan 0.213*** (0.058) 
CS2 Shenzhen 0.294*** (0.090) CS6 Zhongshan 0.180*** (0.056) 
CS3 Zhuhai 0.391*** (0.078) CS7 Jiangmen 0.331*** (0.063) 
CS4 Huizhou -0.060 (0.050) Intercept Zhaoqing 5.747*** (0.612) 
Time Series Effects 
No. Year Parameter S.E. No. Year Parameter S.E. 
TS1 1978 -1.543*** (0.222) TS15 1992 -0.769*** (0.122) 
TS2 1979 -1.473*** (0.222) TS16 1993 -0.692*** (0.115) 
TS3 1980 -1.389*** (0.214) TS17 1994 -0.639*** (0.107) 
TS4 1981 -1.340*** (0.206) TS18 1995 -0.537*** (0.101) 
TS5 1982 -1.347*** (0.191) TS19 1996 -0.458*** (0.099) 
TS6 1983 -1.351*** (0.181) TS20 1997 -0.387*** (0.098) 
TS7 1984 -1.252*** (0.172) TS21 1998 -0.309*** (0.096) 
TS8 1985 -1.238*** (0.160) TS22 1999 -0.255*** (0.095) 
TS9 1986 -1.231*** (0.152) TS23 2000 -0.200** (0.093) 
TS10 1987 -1.173*** (0.145) TS24 2001 -0.133 (0.093) 
TS11 1988 -1.116*** (0.138) TS25 2002 -0.078 (0.092) 
TS12 1989 -1.108*** (0.136) TS26 2003 -0.031 (0.091) 
TS13 1990 -1.014*** (0.130) Intercept 2004 5.747*** (0.612) 
TS14 1991 -0.853*** (0.129) 
46 
Table 7 (Cont.) 
Cross-section & Time Series Effects in YRD: Results from Panel Estimation 
Yangtze River Delta 
Corss-Section Effects 
No. City Parameter S.E. No. City Parameter S.E. 
CS1 Shanghai 0.243 (0.300) CS9 Nanjing 0.693*** (0.110) 
CS2 Hangzhou -0.934*** (0.147) CS10 Wuxi 0.965*** (0.083) 
CSS Ningbo -0.284** (0.135) CS11 Suzhou 1.023*** (0.140) 
CS4 Jiaxing -0.304*** (0.056) CS12 Nantong -0.661*** (0.167) 
CSS Huzhou -0.303*** (0.081) CS13 Yangzhou -0.446*** (0.062) 
CS6 Shaoxing -0.286*** (0.097) CS14 Zhenjiang 0.931*** (0.092) 
CS7 Zhoushan -0.355 (0.216) Intercept Changzhou 5.901*** (1.300) 
CSS Taizhou -0.694*** (0.094) 
Time Series Effects 
No. Year Parameter S.E. No. Year Parameter S.E. 
TS1 1978 -1.922*** (0.225) TS15 1992 -1.122*** (0.120) 
TS2 1979 -1.849*** (0.222) TS16 1993 -0.927*** (0.112) 
TS3 1980 -1.809*** (0.217) TS17 1994 0.783*** (0.104) 
TS4 1981 -1.568*** (0.216) TS18 1995 -0.692*** (0.097) 
TS5 1982 -1.556*** (0.207) TS19 1996 -0.605*** (0.092) 
TS6 1983 -1.560*** (0.197) TS20 1997 -0.528*** (0.087) 
TS7 1984 -1.454*** (0.188) TS21 1998 -0.430*** (0.084) 
TS8 1985 -1.441*** (0.174) TS22 1999 -0.347*** (0.083) 
TS9 1986 -1.357*** (0.162) TS23 2000 -0.259*** (0.079) 
TS10 1987 -1.331*** (0.152) TS24 2001 -0.184** (0.077) 
TS11 1988 -1.289*** (0.144) TS25 2002 -0.121 (0.073) 
TS12 1989 -1.341*** (0.139) TS26 2003 -0.053 (0.071) 
TS13 1990 -1.407*** (0.132) Intercept 2004 5.901*** (1.300) 
TS14 1991 -1.293*** (0.128) 
Standard Deviation in parentheses 
* significant at 10%; ** significant at 5%; *** significant at 1% 
Note: a. F value in panel estimation refers to F test for no fixed effects 
With the panel estimation, the sum of capital and labor estimated coefficients of 
A A 
PRD is statistically less than unity (that is, «+/? = 0.968 < 1，implying a decreasing 
return to scale) and that of YRD is significantly greater than unity 1 (that is, 
A A 
p = 1.246 > 1, implying an increasing return to scale). Therefore, it can be 
concluded that during the study period, the scale production in PRD is decreasing 
return to scale while YRD is increasing return to scale. 
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4.1.2 TFP by cross sections 
Based on the cross-section parameters and the intercept term as shown in Table 
7，TFP estimates by cross-section can be computed to compare for TFP differences 
across cities. The estimated parameters of the cross-section effect show the TFP 
difference between a specific cross section and the intercept term. The ranking of 
TFP determined by cross section characteristics can be obtained as shown in Table 8. 
On average, TFP in PRD cities was higher than that in YRD cities (5.957 vs. 5.881). 
Jiangsu Province had the highest average TFP of 6.259 followed by Guangdong 
Province with 5.957, Shanghai with 5.901，and Zhejiang Province with 5.501. 
At the city level, Zhuhai ranked first in the PRD followed by Jiangmen, 
Shenzhen, Dongguang, Zhongshan, Zhaoqing, and Huizhou. City-level TFP 
Table 8 
Comparison of City TFP in PRD and YRD (1978-2004); Results from Panel Estimation 
Pearl River Delta ^ Yangtze River Delta 
Rank TFP Rank TFP Rank TFP 
Guangdong Province Shanghai 5 6.144 (5.901'') 
Zhuhai 1 6.138 Jiangsu Province Zhejiang Province 
Jiangmen 2 6.077 Suzhou 1 6.925 Zhoushan 5 5.546(5.901。） 
Shenzhen 3 6.041 Wuxi 2 6.866 Ningbo 8 5.618 
Guangzhou 4 6.021 Zhenjiang 3 6.833 Shaoxing 9 5.615 
Dongguan 5 5.959 Nanjing 4 6.594 Huzhou 10 5.598 
Zhongshan 6 5.927 Changzhou 5 5.901 Jiaxing 10 5.598 
Zhaoqing 7 5.747 Yangzhou 12 5.455 Taizhou 14 5.208 
Huizhou 7 5.687(5.747b) Nantong 13 5.240 Hangzhou 15 4.967 
Average (Guangdong) 5.950(5.957'^)Average (Jiangsu) 6.259Average (Zhejiang) 5.450(5.501。） 
* significant at 10%; ** significant at 5%; *** significant at 1% 
Source: Computed from Jable 
Note: a. TFP estimate (TFP ) is in logarithmic form 
b. The estimated parameter of Huizhou (CS4) is statistically indifferent from Zhaoqing (Intercept) in 
PRD (Table?) 
c. The estimated parameters of Shanghai (CSI) and Zhoushan (CS7) are statistically indifferent from 
Changzhou (Intercept) in YRD (Table 7) 
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comparison in YRD shows that the overall production efficiency in Jiangsu Province 
was higher than that in Zhejiang Province. Suzhou in Jiangsu Province ranked first 
followed by Wuxi, Zhenjiang, Nanjing, Changzhou,Yangzhou, and Nantong. Suzhou 
also had the highest TFP in YRD over the study period. In Zhejiang Province, 
Zhoushan ranked first followed by Ningbo, Shaoxing, Huzhou, Jiaxing, Taizhou, 
and Hangzhou. The average TFP of the cities in Zhejiang Province was below that of 
the TFP of the cities in Jiangsu Province. For example, Zhoushan, which ranked first 
in Zhejiang Province, only ranked fifth in YRD while the top four ranking cities 
were all in Jiangsu Province. Shanghai ranked fifth in YRD, which suggests that its 
average production efficiency is about the same as that of Changzhou in Jiangsu 
Province and Zhoushan in Zhejiang Province. 
4.1.3 TFP through time (1978-2004) 
Based on time-series parameters and the intercept term obtained from panel 
estimation in Table 7，TFP for the period from 1978 to 2004 can be calculated as 
shown in Table 9. Both the TFP in PRD and YRD gradually increased at an average 
growth rate of 1.214% in PRD and 1.537% in YRD, which shows that the two 
regions had experienced a technology and production efficiency upgrading during 
the study period and that the production efficiency in YRD improved faster than 





















































































































































































































































































































































































































































































































































































































Figure 4 TFP in PRD and YRD (1978-2004) 
Figure 4a TFP in PRD (1978-2004) 
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Figure 4b TFP in YRD (1978-2004) 
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Source: Computed from Table 5 
YRD are quite similar throughout the study period. The TFP in PRD increased from 
4.203 in 1978 to 5.747 in 2004, while the TFP in YRD increased from 3.980 in 1978 
to 5.901 in 2004. 
Figure 5 shows that the TFP in both regions had positive growth rates in most of 
the years and experienced two patterns: a frustrated period before the early 1990s and 
a gradual decreasing period from the early 1990s to 2004. In PRD, the TFP growth 
rate reached its peak at 3.423% in 1991 possibly a consequence of the "High Science 
and Technology Industry Zone" that was officially established in this region. 
51 
Figure 5 Average TFP Growth Rate (1979-2004) 
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In YRD after the fluctuating period from 1979 to 1990, the TFP growth rate 
experienced a three-year period of rapid increase from 1991 to 1993 and reached its 
peak at 4.080% in 1993. However, after 1993 the TFP growth rate showed a long 
period of decrease. In 2004, the average growth rate of TFP dropped to only 0.906% 
in YRD and 0.560% in PRD (Table 9). 
TFP is a good indicator of production efficiency; hence, the continuously 
increasing trend of TFP shows technological improvement and efficiency 
enhancement in both PRD and YRD during the period from 1978 to 2004. However, 
the decreasing TFP growth rate from the early 1990s to 2004 demonstrates that the 
improvement in production efficiency is losing its impetus. Therefore, more attention 
should be paid to the factors in both regions that may help to improve production 
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efficiency as an important source of output growth. 
4.2 Relationships of TFP and FDI and other variables: Pearson correlation 
analysis 
With the panel of city-level TFP constructed according to Equation (4) in 
Section 3, the associations of the variables under study in Hypotheses 3 to 5 can first 
be tested using Pearson correlation analysis in order to find whether or not FDI, 
R&D，and HC are positively correlated with TFP. The results of the correlation 
analysis of each city in PRD and YRD are presented in Table 10. 
From Table 10，the hypothesis that inward FDI is positively correlated with TFP 
is supported by the correlation coefficients (PRD cities with a range of 0.653-0.884 
and YRD cities with a range of 0.128-0.930) at a confidence level of at least p<0.05 
in most PRD and YRD cities except Zhoushan in Zhejiang Province and Zhenjiang 
in Jiangsu Province. These results suggest that inward FDI had a high and positive 
association with TFP and hence may play an important role in affecting TFP. 
R&D, as measured by the amount of expenditure (RD) and its share as a 
percentage of GDP (rdp), show a significantly high and positive correlation with TFP 
at the 1% confidence level in all cities. From Table 10, the correlation coefficients 











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































YRD, they have a range of 0.799-0.946. The correlation coefficients between TFP 
and rdp have a range of 0.898-0.969 for PRD and a range of 0.811-0.976 for YRD. 
The results demonstrate the important relations between R&D and TFP. 
The measures of HC variables (hp 12, hpl，and hp2) also show significant and 
positive correlations with TFP in most cities except Yangzhou in YRD, where a high 
and significant correlation is only shown between TFP and hpl. From Table 10，the 
correlation coefficients between TFP and hpl for PRD have a range of 0.615-0.924 
and YRD with a range of 0.721-0.979. The correlation coefficients between TFP and 
hp2 for PRD have a range of 0.912-0.992 and YRD with a range of 0.146-0.999. The 
correlation coefficients between TFP and hpl2 for PRD have a range of 0.885-0.993 
and YRD with a range of 0.510-0.997. The significant relationship between TFP and 
HC variables implies that the cities in PRD and YRD with a higher level of TFP are 
often endowed with higher proportion of HC measured in terms of student 
enrollment as explained by secondary or tertiary education or both. 
The results of correlation analysis clearly show that in most PRD and YRD 
cities FDI and the selected major variables have significant positive relationships 
with TFP. Furthermore, associations of TFP and these selected variables as presented 
in Table 11 also confirm that during the study period from 1995 to 2004, the 
logarithmic index of TFP is positively correlated with these variables in both PRD 
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and YRD. Therefore, Hypothesis 2 is supported by the Pearson correlation results in 
both PRD and YRD and further examination of the impact of these variables on TFP 
may be explored. 
Table 11 Associat ions of TFP and Key Variables: Pearson correlation analysis results 
(1991-2004) 
Pearl River Delta 
^ ^ ^ ^ ^ I n T F P FDI rdpb hp12 hp1 hp2 
InTFP 0.711** 0.659** 0.349** 0.726** 
FDI 0.465** 0.794** 0.701** 0.640** 
rdp 0.7^V* 0.205 0.290* 0.641** 
hp12 0.733** 0.771** 0.604** ^ ^ ^ ^ - ^ 0 . 7 7 6 * * 0.898** 
hp1 0.426** 0.687** 0.345** 0.778** 
hp2 0.796** 0.684** 0.684** 0.930** 0.539** 
Yangtze River Delta 
^ ^ ^ • ^ - ^ ^ I n T F P FDI RDb hp12 hp1 hp2 
InTFP 0.455** 0.541** 0.475** 0.549** 
FDI 0.649** 、 0 . 1 8 4 * 0.363** 0.083 
RD 0.514** 0.523** 0.510** 0.358** 
hp12 0.598** 0.444** 0.568** 0.968** 
hp1 0.560** 0.618** 0.650** 0.776** 
hp2 0.623** 0.347** 0.477** 0.962** 0.626** 
* Significant at the 0.05 level (2-tailed); **. Significant at the 0.01 level (2-tailed) 
Note: a. The top right comer of each table shows the associations of logarithmic index of TFP with 
the key variables in level form and the lower left corner of each table shows the associations 
of logarithmic index of TFP with the key variables in log form, 
b. The correlation coefficients are for the period of 1995-2004. 
4.3 Effects on TFP: multiple regression results 
Hypotheses 3-5, which postulated the positive effects of FDI, R&D, and HC on 
TFP in PRD and YRD, are estimated by OLS multiple regression analysis and the 
corresponding regression results are presented in Table 12 and Equations (l)-(8). The 
level form (Equations (1)-(2) and Equations (5)-(6)) measure the percentage change 
of TFP with respect to the change of levels of explanatory variables including FDI, 

















































































































































































































































































































































































































































































































































































































































































































































measure the partial derivatives of the growth of TFP with respect to the growth of the 
explanatory variables or TFP elasticities. 
4.3.1 Effects of FDI on TFP 
As can be seen from Table 12，all the regression equations from Equations 
(l)-(8) are estimated with statistically significant relations (F-stat; p<0.01) and 
satisfactory goodness-of-fit (adj-R^>0.43). The coefficient of FDI has the expected 
positive sign in all the regression equations and is highly significant (at least p<0.1). 
This reveals that given other control variables used in the model, FDI shows a 
statistically positive effect on TFP in both the level and log form. Thus, inward FDI 
played a key role in enhancing TFP during the study period and Hypothesis 3 is well 
supported by these results in both PRD and YRD. 
In PRD, Equation (1) and (2) in Table 12 show that increasing inward FDI by 
one unit may lead to the increase in TFP by 0.7%. Equations (3) and (4) show that 
increasing inward FDI by one percent may influence TFP to increase by 0.128% to 
0.135%. In YRD, Equations (5)-(8) in Table 12 show similar results, that is, FDI 
significantly affects TFP and the magnitude of the impact is larger. Equations (5) and 
(6) show that a one unit increase in FDI raises TFP in YRD by 1.9% to 3.1%, 
respectively, while Equations (7) and (8) show that a one percent increase in FDI 
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raises TFP by 0.169% and 0.242%, respectively. Hence, inward FDI played an 
important role in both PRD and YRD and Hypothesis 3 is well supported by the 
evidence. 
4.3.2 Effects of R&D on TFP 
The estimated partial regression coefficient of R&D is also significantly positive 
either measured in absolute amount of expenditure (RD) or in its percentage to GDP 
(rdp) at the 1% confidence level in both PRD (Equations (l)-(4)) and YRD 
(Equations (5) and (8)-(9)). Although R&D has an important and positive effect on 
TFP in both PRD and YRD, the measurements of R&D are different. R&D 
expenditure as a percentage of GDP (rdp) has a significant coefficient and an 
expected positive sign in PRD while the R&D expenditure form shows a significant 
effect in YRD. Table 12 shows that increasing rdp in PRD by one unit would increase 
TFP by 47.2%-47.3% (Equations (l)-(2)) and increasing rdp by one percent would 
cause a 0.284%-0.285% increase in TFP (Equations (3)-(4)). In YRD, R&D 
expenditure (RD) showed a significant effect. From Equation (5) in Table 12, a 
one-unit increase in R&D expenditure would lead to a 0.2% increase in TFP and 
from Equations (7) and (8), a one percent rise in R&D expenditure would cause TFP 
to rise by 0.176% and 0.267%, respectively. The magnitudes of the effects of direct 
R&D activities in these two regions are not comparable due to different measurement 
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of R&D. However, these results support Hypothesis 4 in both PRD and YRD and 
suggest that R&D has significant impact on TFP. 
4.3.3 Effects of human capital on TFP 
As shown in Table 12, however, the effects of HC are mixed according to the 
regression results. Human capital is measured in three forms: hpl2，hpl，and hp2. 
Statistically significant partial coefficients of HC with the expected positive sign can 
be found in Equations (5)-(8) in YRD but not in Equations (l)-(4) in PRD. In PRD, 
the coefficients of all human capital measurements are all statistically insignificant 
and no significant effect on TFP can be obtained, which suggests that human capital 
does not cause the expected positive impact on TFP; hence Hypothesis 5 cannot be 
supported in PRD. 
The expected positive impact on TFP (Equations (5)-(8)) can be obtained in the 
regression relations in YRD and Hypothesis 5 is well supported in this region. In 
YRD, HC played an important role in enhancing TFP. When the proportion of sum of 
students enrolled in higher education and secondary schools (hp 12) is used to 
measure HC, the results show that HC has a significant impact on TFP at 1% 
confidence level in the level form (Equations (5)-(6)) and 5% confidence level in the 
log form (Equations (7)-(8)). Increasing the proportion of total student enrollment 
(hp 12) by one unit would cause TFP to rise by 692.4% (Equation (5), Table 12)，and 
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increasing the proportion of student enrollment (hp 12) by one percent would cause 
TFP to rise by 0.442% (Equation (7)，Table 12). 
Moreover, the number of students enrolled in secondary schools as a proportion 
of population (hp2) also played an important role in enhancing TFP (Equation (6) 
and Equation (8)，Table 12). Equation (6) shows that increasing the proportion of 
secondary school enrollment (hp2) by one unit would cause the TFP to increase by 
14.847 (or 1484.7%) in YRD. After introducing a joint (interaction) effect (hpj) in 
Equation (8) (Table 12)，the coefficients of hp2 and hpj are statistically significant at 
p<0.01 and p<0.05, respectively. The result of Equation (8) suggests that increasing 
the proportion of secondary school enrollment (hp2) by one percent would increase 
TFP by 2.311% through its own effect and 0.318% through the interaction effect, or 
2.629% in total. However, the proportion of students enrolled in higher education 
(hpl) does not seem to have a significant impact on TFP in YRD. 
The insignificance of the HC effect in PRD suggests that human capital, 
whether in higher education or secondary education, does not seem to be an 
important determinant of TFP. The production process in PRD cities was 
labor-intensive, which means that this kind of production needs a large number of 
workers but not HC with good education. Alternatively, R&D activities and inward 
FDI played key roles in enhancing TFP. Another possibility is that the proportion of 
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student enrollment was not a good measure of HC endowment in some PRD cities. In 
some PRD cities, such as Shenzhen and Dongguan，a large proportion of HC with 
good education is not educated domestically but mobilized from other regions of 
China or abroad. For example, more and more young graduates in other regions of 
China have begun to seek job opportunities in Shenzhen and other cities in 
Guangdong Province in recent years. This proportion of HC cannot be reflected by 
the local statistics in PRD. Hence, school enrollment may not serve as a good 
indicator for those cities that have a large portion of HC not educated in PRD. 
Therefore, caution should be exercised in interpreting Equations (l)-(4) with respect 
to HC variables. There is also the possibility that the insignificance of coefficients of 
HC variables in PRD is caused by multicollinearity problems among the independent 
variables. However, the tests for multicollinearity performed show that such a 
possibility is not supported'. 
In sum, regardless of the forms or other selected key variables including R&D 
and HC used in the model, the estimated coefficients of FDI are always positive and 
significant with a level of confidence of p O . l . This result supports Hypothesis 3 that 
FDI has a positive impact on TFP in both PRD and YRD at the city level. R&D 
I The variance inflation factors (VIF) computed for all these regressions (Table 12) are within the range of 
1.795-4.420. Since a maximum VIF in excess of 10 is often taken as an indication that multicollinearity may be 
unduly influencing the least square estimates, the possibility of multicollinearity to affect the regression results in 
PRD is not supported. 
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expenditure (RD) played an important role in TFP enhancement in PRD, while its 
percentage of GDP (rdp) showed significant impacts in YRD. Hence, Hypothesis 4 is 
well supported by the regression results in both regions. Furthermore, HC seems 
insignificant in enhancing TFP in PRD, and HC with secondary education (hp2) and 
secondary education or above (hp12) had important contributions to TFP in YRD. 
Therefore, the significant effect of HC on TFP (Hypothesis 5) is only supported in 
YRD but not in PRD. 
5. Conclusion 
Over the past decades, China's economic miracle has attracted enormous 
attention in the academic circle. Many scholars attributed the rapid economic growth 
to the country's open policy featuring large inflows of FDI and exports. Recent 
literature began to focus attention to the production efficiency behind the fast 
increase in output. The production efficiency and its determinants would play 
important roles in China's regional development. 
This study drew on the existing literature and evidence and attempted to provide 
a theoretical framework for the analysis of the production efficiency as measured by 
TFP, as well as the role of inward FDI, especially from the perspective of its impact 
on production efficiency enhancement. It is well recognized that inward FDI would 
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have a positive impact on the economic growth and the development process of host 
countries. Many literatures have provided extensive support for such arguments. 
However, empirical studies showed mixed results regarding the impact of inward 
FDI on production efficiency improvement and attempts to find evidence of the 
relationship between inward FDI and TFP were limited. This study is the first attempt 
to empirically test the contributions of inward FDI together with other selected 
variables to TFP enhancement in two major FDI receiving and fastest growing 
regions (PRD and YRD) in China. 
In this study, TFP was estimated from the Cobb-Douglas production function 
involving physical capital and labor force based on a city-level panel data which 
covers 23 cities including eight cities in PRD and 15 cities in YRD for the period 
from 1978 to 2004. Panel data estimation with two-way fixed effects provided the 
best estimation and showed that PRD is a decreasing return to scale economy while 
YRD is increasing return to scale. Based on this panel estimation, TFP by cross 
sections suggest that PRD cities had higher production efficiency than YRD cities 
during the study period, while Jiangsu Province had the highest average TFP 
followed by Guangdong Province, Shanghai, and Zhejiang Province. 
TFP estimates for the period from 1978 to 2004 support Hypothesis 1 in both 
regions which posits that TFP increased with the economic opening up and rapid 
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economic development. Furthermore, the growth rate of TFP in both regions showed 
similar patterns. In the most recent period from the early 1990s to 2004, the growth 
rates of TFP continuously decreased to less than 1% by the end of 2004, which 
represents a trend that production efficiency improvement was losing impetus. 
Based on the panel of TFP estimates at city level, a Pearson correlation analysis 
was first used to test the relationships between TFP and key variables that may affect 
TFP at the city level. The results showed that TFP is positively correlated with FDI 
and the selected variables in most PRD and YRD cities. Hence, Hypothesis 2 is well 
supported in both regions. Furthermore, three hypotheses were tested using multiple 
regression method and it was found that inward FDI, R&D, and HC were the key 
factors enhancing TFP during the period 1995-2004. The results showed that inward 
FDI had significant positive impacts on TFP in both regions although the impact was 
larger in YRD than in PRD. This result indicates that FDI inflow is not only a source 
of capital but also a conduit for technology transfer and helps in enhancing 
production efficiency. Production efficiency as measured by TFP has been considered 
as one source of economic growth, while the significance of FDI on China's 
economic growth was illustrated in recent literature. 
R&D is another key factor that positively affected TFP. The amount of R&D 
expenditure (RD) played an important role in YRD, while R&D expenditure as a 
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percentage of GDP (rdp) was proven to positively affect TFP in PRD. The effect of 
R&D activities seems larger in PRD than in YRD. Human capital was found to 
benefit TFP only in YRD but not in PRD during the study period. Meanwhile, HC 
with secondary education and secondary education or above had important 
contributions to TFP enhancement in YRD. 
As a first attempt to study city-level TFP in PRD and YRD and its relationship 
with inward FDI, some limitations of this study should be mentioned. First, due to 
the unavailability of data, using the number of people employed to measure labor 
input does not take the quality of labor into consideration. Moreover, using the 
student enrollment to measure HC endowment may not be perfect if a large 
proportion of HC is not locally educated or if there exists a big gap between HC 
being educated in schools and HC being utilized in regional production. Second, the 
endogenous problem of some variables may exist. For example, since cities with 
high TFP are likely to attract more inflow of FDI, inward FDI may be correlated with 
the error term (Todo，2006). Such a problem will be left for further study. 
The findings of this study offer a number of implications for policy makers. 
First, governments should continue to attract FDI, especially those investments with 
high quality and technological intensity which may have more contributions in 
raising regional technological levels and production efficiency. Second, governments 
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should continue to increase R&D expenditure and give incentives to regional R&D 
activities. The government must take the lead in fostering innovation by allocating 
more resources to support R&D activities that will do much help to enhance 
production efficiency in relevant production sectors or regions. Finally, increasing 
the endowment of human capital, especially with basic (secondary) and higher 
education, would help to facilitate technological innovation and knowledge transfer 
and would definitely result in improvements in production efficiency. 
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